Abstract
INTRODUCTION
Alcohol is the single most important cause of liver and pancreatic disease in Western countries [1, 2] . Alcoholrelated liver and pancreatic disease are associated with a considerably mortality risk [3, 4] , preceded by years of heavy drinking [5, 6] . However, among hazardous drinkers reducing or abandoning alcohol consumption can attenuate the risk of full blown disease or death due to alcohol-related liver and pancreatic disease [2, 7, 8] . Since these diseases develop over many years prior to diagnosis, this offers a window of opportunity in which preventive interventions could be implemented.
Hospital contacts with alcohol problems in the period before disease may constitute opportunities for offering alcohol treatment [9, 10] . Such hospital contacts include those involving alcohol intoxication (a marker of excessive drinking), harmful alcohol use (a diagnosis used for mild cases of alcohol dependence or when the alcohol use has caused physical or mental disease), and alcohol dependence in more severe cases of alcohol problems [11, 12] . In Denmark [13] , as in many other countries [14] [15] [16] , formalised hospital-based alcohol treatment is not available. For example, patients admitted with alcohol withdrawal will be discharged when acute symptoms have been alleviated, without the development of further treatment for underlying alcohol misuse or dependence.
We recently found that patients with hospital contacts with alcohol problems had a more than 10-fold greater rate of alcoholic liver cirrhosis compared to the general population [17] . In the present study, the reverse situation was evaluated; the extent to which patients with alcoholic liver cirrhosis or alcoholic pancreatitis have prior hospital contacts with alcohol problems. Earlier studies found that 33%-58% of liver cirrhosis patients had prior hospital contacts indicated by disorders that are sometimes, though not always, associated with alcohol problems such as injuries, non-variceal upper gastrointestinal bleeding, and epilepsy [18] [19] [20] . Hospital contacts with a more specific set of alcohol problems, however, might represent a more feasible opportunity to offer alcohol treatment.
We conducted a nationwide study of all patients who were diagnosed with alcoholic liver cirrhosis and alcoholic pancreatitis 2008 to 2012 in Denmark. In these patients, we evaluated the extent of prior hospital contacts with alcohol problems in the 10 years prior to their diagnosis of alcoholic liver cirrhosis or alcoholic pancreatitis.
MATERIALS AND METHODS

Data sources
The study was based on Danish nationwide registries. All Danish citizens have access to free healthcare. The National Patient Register contains data on all somatic hospital admissions since 1977 [21] . From 1995 contacts with emergency rooms, outpatient clinics, and psychiatric hospital were recorded. The Danish Register of Causes of Death has recorded causes of death among all Danish citizens since 1970 [22] . In all registries, diagnoses are recorded according to the 8 th (1971-1993) and 10 th (1994-present) revision of the international classification of diseases (ICD) [21] . Information on vital status, civil status, and migration to and from Denmark was obtained from the Danish Civil Registration System and education from Statistics Denmark [23] . The registries were linked by a personal identification number, a identifier assigned to all Danish residents at birth since 1968 [23] .
Study population
The study population consisted of all patients with a first diagnosis of alcoholic liver cirrhosis or alcoholic pancreatitis in Denmark from 2008 to 2012 (alcoholic liver cirrhosis; ICD-8: 571.0 and ICD-10: K70.3, K70.4 and alcoholic pancreatitis; ICD-10: K85.2, K86.0). Patients diagnosed with alcoholic liver cirrhosis or alcoholic pancreatitis from 1977, when The National Patient Register was initiated, to 2008 were therefore excluded. We combined acute and chronic alcoholic pancreatitis since they are often found together and are both preceded by years of heavy drinking [2, 7] . In Denmark, there are restrictions on alcohol sale for young people less than 16-18 years. To ensure 10 years of follow-back before the diagnosis, we excluded patients less than 28 years of age at diagnosis (n = 27). Information from The National Patient Register and Danish Register of Causes of Death were combined. The patients not diagnosed during life but with alcoholic liver cirrhosis or alcoholic pancreatitis as their cause of dead were included. Patients diagnosed with alcoholic liver cirrhosis and alcoholic pancreatitis on the same day (n = 65) were assigned to the alcoholic liver cirrhosis group due to the higher mortality associated with this disease [3, 24] . Comorbidity was assessed according to the Charlson Comorbidity Index score based on diagnoses made in the course of hospital contacts in the 10 years prior to diagnosis [25] . Psychiatric comorbidity was measured as the number of the following psychiatric diseases (ICD-10 codes): Dementia and organic disorders not caused by alcohol (F00-09), schizophrenia (F20-29), mood disorders (F30-39), neurotic and stress-related (F40-49), behavioural syndromes associated with physiological disturbances (F50-59), personality disorders (F60-69), mental retardation (F70-79), disorders of psychological development (F80-89), and behavioural and emotional disorders (F90-99) [11] .
Prior hospital contacts with alcohol problems
A prior hospital contact with alcohol problems [alcohol intoxication (ICD-10: F10.0), harmful alcohol use (ICD-10: F10.1), or alcohol dependence (ICD-10: F10.2, F10.3, F10.4, F10.5)] was restricted to those occurring in the 10 years before the diagnosis of alcoholic liver cirrhosis or alcoholic pancreatitis. However, contacts occurring in the three months prior to diagnosis were excluded to avoid including hospital contacts that might have been precipitated by symptoms of liver or pancreatic disease that were not immediately recognised. A maximum of one hospital contact with alcohol problems per day was included.
Statistical analysis
Analyses were carried out separately for patients diagnosed with alcoholic liver cirrhosis and alcoholic pancreatitis. We did not calculate confidence limits since we had nationwide data [26] . Assessment of comparability of demographic and medical characteristics between patients with and without prior hospital contacts with alcohol problems were performed using χ 2 test for categorical data and t-test for continuous data on age, which followed a normal distribution. Alcohol diagnoses (alcohol intoxication, harmful alcohol use, and alcohol dependence) were assessed as an indicator of the severity of alcohol problems among patients with alcoholic liver cirrhosis and alcoholic pancreatitis [12] . We also estimated the type of hospital care of the prior hospital contacts with alcohol problems (somatic, psychiatric, inpatient, emergency room, or outpatient clinic). Finally, we estimated the time in years that had passed from the initial hospital contact with alcohol problems to alcoholic liver cirrhosis or pancreatitis diagnosis. All analyses were carried out in SAS version 9.4.
RESULTS
From 2008 to 2012, 7719 patients were diagnosed with alcoholic liver cirrhosis and 1811 were diagnosed with alcoholic pancreatitis in Denmark. Of patients with alcoholic liver cirrhosis, 3058 (40%) had at least one hospital contact with alcohol problems within the prior 10 years excluding the three months prior to diagnosis ( Table 1 ). The equivalent number was 719 (40%) for patients with alcoholic pancreatitis. In both patient groups, those with prior hospital contacts with alcohol problems were younger, more often men, more often married, and more often had somatic and psychiatric disease compared to those with no such contacts. For example, of patients with alcoholic liver cirrhosis with prior hospital contacts with alcohol problems, 2217 (72%) had no psychiatric comorbidity, 522 (17%) one, and 319 (10%) had two or more. In alcoholic liver cirrhosis patients without prior hospital contacts with alcohol problems, these numbers were 4394 (94%), 203 (4.6%) and 64 (1.4%).
The number of patients not diagnosed during life but having alcoholic liver cirrhosis and alcoholic pancreatitis as their cause of death were 875 (11%) and 106 (5.9%).
Number of prior hospital contacts with alcohol problems
The 7719 patients with alcoholic liver cirrhosis had a total of 38227 hospital contacts with alcohol problems in the prior 10- was also 0 (0-19) in these patients. Whereas 60% of the alcoholic liver cirrhosis patients had no prior hospital contacts with alcohol problems in the prior 10 years, 902 (12%) had one, 992 (13%) had two to four, 509 (7.0%) had five to nine, and 650 (8.0%) had ten or more (Figure 1) . The percentages were similar in patients with alcoholic pancreatitis.
Alcohol diagnoses and type of hospital care of prior hospital contacts with alcohol problems
Nearly a third of patients with alcoholic liver cirrhosis and alcoholic pancreatitis had a diagnosis of alcohol dependence when hospitalized with alcohol problems in the prior 10 years (Table 2) . Only 10% had less severe alcohol diagnoses of harmful alcohol use (6.7%-7.5%) or alcohol intoxication (2.3%-2.5%).
More patients had been admitted to a somatic hospital (36%) with alcohol problems than to a psychiatric hospital (15%-16%) in the 10 years prior to diagnosis. Admission to somatic wards with alcohol problems was the most common type of hospital care, which accounted to 2051 (27%) of patients with alcoholic liver cirrhosis and 509 (28%) of patients with alcoholic pancreatitis.
Time between the initial hospital contact with alcohol problems and diagnosis
In those patients diagnosed with alcoholic liver cirrhosis who had a prior hospital contact with alcohol problem, more than half had it at least five years before their diagnosis (Figure 2 ). Only 340 (4%) of all alcoholic liver cirrhosis patients had an initial contact with alcohol problems in the year before diagnosis whereas 980 (14%) had it one two to four years before, 1312 (16%) five to nine years before, and in 426 (6%) ten years before. A similar pattern was seen for those diagnosed with alcoholic pancreatitis.
DISCUSSION
In the present study, 40% of all Danish patients with alcoholic liver cirrhosis and alcoholic pancreatitis diagnosed from 2008 to 2012 had at least one hospital contact with alcohol problems in the prior 10 years before diagnosis. Every sixth patient (15%-16%) had more than five contacts. The pattern of prior hospital contacts with alcohol problems was similar for patients diagnosed with alcoholic liver cirrhosis and alcoholic pancreatitis. Roughly 30% had been given a prior diagnosis of alcohol dependence and 10% had less severe alcohol diagnoses (harmful use and intoxication). Inpatient admission to a somatic ward was the type of hospital care most patients have had with prior alcohol problems. More than half of cases with a prior hospital contact in the preceding 10 years had had their initial alcohol-related contact five or more years prior to diagnosis.
This study has a number of strengths. It covers the entire Danish population for which there is almost complete data on hospital care [21] , and cause of death [22] . The alcoholic liver cirrhosis diagnosis in the registry has a high positive predictive value of correctly specifying liver cirrhosis: 78%-92% when compared to information from liver biopsies or clinical evaluation [27, 28] . The validity of the alcoholic pancreatitis diagnosis has not been evaluated, but since this diagnosis is managed by gastroenterology specialists in Denmark, we expect the validity to be high [4] . A potential limitation is the validity of the classification of hospital contacts with alcohol problems. These diagnoses are most likely underreported leading to an underestimation of prior hospital contacts with alcohol problems [29] . Prior studies of cirrhosis patients found that 33%-58% had prior health care attendances with disorders that are sometimes associated with alcohol problems [18, 20] . This is in accordance with our study where 40% of alcoholic cirrhosis patients had prior hospital contacts with alcohol problems. Our finding that some of the patients with alcohol problems have a considerably high number of repeated contacts due to alcohol has been reported before [12] . To our knowledge, no other study has assessed alcohol problems in patients with alcoholic pancreatitis.
The proportion of alcoholic liver cirrhosis patients with alcohol problems and the severity of these problems found in our study are in line with results from questionnairebased studies [30] [31] [32] . These studies found roughly one third of patients to be moderate or severely alcohol dependent, one third mildly dependent and one third not dependent [30] [31] [32] . This underscores the observation that alcoholic liver cirrhosis patients in general have a lower degree of alcohol problems than people seeking treatment for alcohol problems [31, 33] . The majority of prior hospital contacts with alcohol problems were with somatic, not psychiatric hospitals. This is likely to reflect the fact that the majority of these cases were precipitated by injuries or non-psychiatric comorbidity [19, 20] . That most contacts were as ward admissions rather than emergency room indicate a higher level of disease severity needing longer observation or more complex treatment than could be offered in the emergency room. The relatively few outpatient contacts with alcohol problems might indicate a lower utilization of routine or preventive care in favour of acute hospital admissions when health problems have become more severe, which was observed in heavy drinkers of old age [34] . Finally, in agreement with the long period of heavy drinking that commonly precedes the development of alcoholic liver cirrhosis and alcoholic pancreatitis [5, 6, 8] , for the majority of patients in our study with prior alcohol contacts, more than five years had passed between their initial contact and diagnosis of alcoholic liver cirrhosis and pancreatitis.
The implication of our study is that there are opportunities to reach around half of patients who later develop alcoholic liver cirrhosis or alcoholic pancreatitis with preventive interventions in the hospital setting [9] . Suggested preventive interventions for liver disease involve implementation of hospital-based alcohol care teams which was shown to reduce alcohol-related admissions [9, 35] . It may also involve non-invasive assessment of liver disease [36, 37] . Hospital patients with alcohol problems and somatic disease or injury are in particular motivated for alcohol treatment [38] [39] [40] [41] . Future studies should assess contacts with obvious alcohol problems in primary care in addition to hospital contacts to compare where patients are most frequently seen with alcohol problems prior to diagnosis of alcoholic liver cirrhosis or alcoholic pancreatitis [18, 20, 42] . About half of alcoholic liver cirrhosis and pancreatitis patients had hospital contacts with alcohol problems prior to diagnosis. There seems to be opportunities to reach some of the patients who later develop alcoholic liver cirrhosis or pancreatitis with preventive interventions in the hospital setting.
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Research background
Alcoholic liver cirrhosis and alcoholic pancreatitis develop over many years prior to diagnosis, which offers a window of opportunity in which preventive interventions could be implemented. Hospital contacts with alcohol problems in the period before disease may constitute opportunities for offering alcohol treatment. Earlier studies found that 33%-58% of liver cirrhosis patients had prior hospital contacts indicated by disorders that are sometimes, though not always, associated with alcohol problems such as injuries, non-variceal upper gastrointestinal bleeding, and epilepsy. Hospital contacts with a specific set of alcohol problems (alcohol intoxication, harmful alcohol use, and alcohol dependence) might represent a more feasible opportunity to offer alcohol treatment than disorders associated with alcohol problems. No prior studies evaluated hospital contacts with alcohol problems in patients with alcoholic pancreatitis.
Research motivation
In Denmark, as in many other countries, formalised hospital-based alcohol treatment is not available. Hospitalization with alcohol problems prior to alcoholic liver cirrhosis or pancreatitis diagnosis may represent an opportunity to offer preventive interventions. In a nationwide study, we evaluated previous hospital contacts with alcohol problems in patients with incident alcoholic liver cirrhosis and alcoholic pancreatitis diagnosis.
Research objectives
The objective was to conduct a nationwide study of all patients diagnosed with alcoholic liver cirrhosis and alcoholic pancreatitis 2008 to 2012 in Denmark. In these patients, the extent of prior hospital contacts with alcohol problems in the 10 years prior to their diagnosis of alcoholic liver cirrhosis or alcoholic pancreatitis were evaluated.
Research methods
This was a nationwide, register-based study of all patients diagnosed with alcoholic liver cirrhosis or pancreatitis during 2008-2012 in Denmark. Hospital contacts with alcohol problems (intoxication, harmful use, or dependence) in the 10-year period preceding the diagnosis of alcoholic liver cirrhosis or pancreatitis were identified. Data was obtained from nationwide registries on hospital contacts and causes of death. This is the first study to evaluate prior hospital contacts with alcohol problems in a nationwide design. Furthermore, no prior studies included psychiatric hospital contacts with alcohol problems. Hospital contacts with alcohol problems occurring in the three months prior to diagnosis of alcoholic liver cirrhosis and pancreatitis were excluded to avoid including hospital contacts that might have been precipitated by symptoms of liver or pancreatic disease that were not immediately recognised. Alcohol diagnoses (alcohol intoxication, harmful alcohol use, and alcohol dependence) were assessed as an indicator of the severity of alcohol problems among patients with alcoholic liver cirrhosis and alcoholic pancreatitis. We also estimated the type of hospital care of the prior hospital contacts with alcohol problems (somatic, psychiatric, inpatient, emergency room, or outpatient clinic). Finally, we estimated the time in years that had passed from the initial hospital contact with alcohol problems to alcoholic liver cirrhosis or pancreatitis diagnosis.
Research results
In the 10 years prior to diagnosis, 40% of the 7719 alcoholic liver cirrhosis patients and 40% of the 1811 alcoholic pancreatitis patients had at least one prior hospital contact with alcohol problems. Every sixth patient (15%-16%) had more than five contacts. The 7719 patients with alcoholic liver cirrhosis had a total of 38227 hospital contacts with alcohol problems in the prior 10-years (mean of 5.0 contacts). The median number (5 th -95 th percentiles) of prior contacts was 0 (0-19). The 1811 patients with alcoholic pancreatitis had 8997 prior hospital contacts with alcohol problems in the prior 10 years (mean of 5.0 contacts). The median number (5 th -95 th percentiles) of prior contacts was also 0 (0-19) in these patients. A similar pattern of prior hospital contacts was observed for alcoholic liver cirrhosis and pancreatitis. Around 30% were diagnosed with alcohol dependence and 10% with less severe alcohol diagnoses. For the majority, admission to somatic wards was the most common type of hospital care with alcohol problems. Most had their first contact with alcohol problems more than five years prior to diagnosis.
Research conclusions
In the present study, 40% of all Danish patients with alcoholic liver cirrhosis and alcoholic pancreatitis diagnosed from 2008 to 2012 had at least one hospital contact with alcohol problems in the prior 10 years before diagnosis. Every sixth patient (15%-16%) had more than five contacts. The pattern of prior hospital contacts with alcohol problems was similar for patients diagnosed with alcoholic liver cirrhosis and alcoholic pancreatitis. Roughly 30% had been given a prior diagnosis of alcohol dependence and 10% had less severe alcohol diagnoses (harmful use and intoxication). Inpatient admission to a somatic ward was the type of hospital care most patients have had with prior alcohol problems. More than half of cases with a prior hospital contact in the preceding 10 years had had their initial alcohol-related contact five or more years prior to diagnosis. The implication of our study is that there are opportunities to reach around half of patients who later develop alcoholic liver cirrhosis or alcoholic pancreatitis with preventive interventions in the hospital setting. Suggested preventive interventions for liver disease involve implementation of hospital-based alcohol care teams which was shown to reduce alcohol-related admissions. It may also
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involve non-invasive assessment of liver disease. Hospital patients with alcohol problems and somatic disease or injury are in particular motivated for alcohol treatment.
Research perspectives
Future studies should assess contacts with obvious alcohol problems in primary care in addition to hospital contacts to compare where patients are most frequently seen with alcohol problems prior to diagnosis of alcoholic liver cirrhosis or alcoholic pancreatitis. In particular, randomized controlled trials are needed to evaluate if alcohol treatment in the hospital setting can decrease the incidence of alcoholic liver cirrhosis and alcoholic pancreatitis.
